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(54) Abstract Title 

Antenna anray arrangement with converging nulls 

(57) An antenna array operating method or apparatus comprises an antenna array 102 with a far field 
radiation pattern which is adapted such that null points in the said radiation pattern converge. The converged 
null points may be directed such that they attenuate unwanted transmitted and / or received electromagnetic 
radiation. The nulls may be converged by adapting the amplitude and phase of the antenna array via analogue 
or digital signal processing. The antenna array may be employed in a base station of a communication system. 
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At least one drawing originaiiy filed was informal and the print reproduced here is taken from a later filed formal copy 

BNSDOCID: <GB 2328aOOA l_> 



> 




BNSDOCID: <GB. 



232e800A i_> 



i REDUNDANT 
MULL 



MAIN LOBE 
DESIRED SIGNALS 



NULL 
INTERFERING 
SIGNAL 



POWER dB 



POWER dB 



POWER dB 



POWER dB 



OPTIMISED SINR RADIATION PATTERN 
! I INTERFERING 

DESIRED SIGNALS SIGNAL 



DIRECTION OF ARRIVAL BEAU PA 



TERN 



INTERFERING 
SIGNAL 



INTERFERER 



DIRECTION OF ARRIVAL BEAM PATTERN 



BROADENED NULL 
(SEVERAL NULLS) 



MODIFIED Tx RADIATION PATTERN 



F IG.2 



2/3 




200 




202 




204 




■206 



e 



BNSDOCID: <GB 2328e00A_L> 



3/3 

300 



^302 




I RECEIVE THE U PLINK SIGNAL \ 

1 



CALCULATE OPTIMUM 
BEAM PATTERN 



CALCULATE DIRECTION .OF^ ARRIVAL l 



(DOA) BEAM PATTERN 

I 



I CALCULATE THE INTERFERERS DOA~|^ 



308 



INSERT DUMMY INTERFERERS [^^^^ 
IN THE DE SIRED DIRECTION | 

1 r'^' 



2328800 

-1- 

ANTENNA ARRAY AND METHOD THEREFOR 

yield of the Invention 

5 The present inventioii relates to an antenna array of the type used in a 

commmiications system, for example, a cellular telecommunications system, 
such as a Global System for Mobile Communications (GSM) network. The 
present invention also relates to a method of generating a far field radiation 
pattern for the antenna array. 

10 

Background of the Invention 

It is known in the art to employ an adaptive antenna array in a cellular 
15 communications system. Typically, the adaptive antemia airay comprises 
an array of anteimas coupled to a beamforming network in order to generate 
a &r field radiation pattern. 

The far field radiation pattern includes a series of nxJl points independently 
20 located therein. 

However, due to the nattire of the null points, a relatively small point in the 
far field radiation pattern is occupied. It is therefore diflRcult to eflFectively 
attenuate undesirable transmitted signals fi-om the antemia array so as not 
25 to cause interference to a given mobile terminal. This is due to the 
movement of the given mobile terminal and movement of sources of 
electromagnetic scattering. 

It is therefore an object of the present invention to obviate or mitigate the 
30 above mentioned disadvantages in relation to adaptive antenna arrays. 

Summary of the Invention 

According to a first aspect of the present invention, there is provided an 
35 antenna array comprising a plurality of anteimas having a far field radiation 
pattern and a complex signal modifying unit for modifying the shape of the 
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adapted to converge a pluranty ot nuu k 
pattern of the plurality of antennas. 

. .r ft,,, nrasent invention, there is provided a 
According to a second aspect of the P«^« „f ^^ttnnas 

base station comprising an antenna »f ^^^"^^ unit for 

Tg^r^r LXud to converge a « of null points .thin 
Zt fieldTdiationpattem of the pluraHty of antennas. 

^"^i tCltr« complex signal n.„di^ng unit so as to 

e„„vert"Tu^t: of n>d, points within the far field radiaUon pattern of 
the antenna array. 
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30 



It is thus possible toprovide an antenna array^damethod therefor «hich 
I aUe to attenuate undesirable signals more effecUvely. 

Other.preferred,featuresandadvanta.es.es^^^^^ 
apparent from, the foUowng descnption and the appenae 

claims. 

j>^pf r>^e^pt:;nn of the T)rf>wingg 

^ embodiment of the inven.on will now be descHbed^by way of example, 
^th reference to the accompanying drawmgs. ^n winch. 

FIG. 1 is a schematic representation of an apparatus constituting an 
emboament of the present invention; 
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FIG* 2 is a schematic diagram of antemia radiation patterns relating to the 
apparatus of FIG. 1, and 

FIG- 3 is a flow diagram of the operation of the embodiment of FIG. 1. 

5 

Description of a Preferred Embodiment 

A base station 101 (FIG. 1) in a communications system (not shown) 
10 includes, inter alia, an adaptive antenna transmitter receiver chain 100, or 
transceiver. The adaptive antenna transmitter receiver chain 100 (FIG. 1) 
comprises an antenna array 102 coupled to a duplexer 104. The duplexer 
104 is coupled to a Radio Frequency (RF) transmitter and up-converter 108 
and an RF receiver and down-converter 106, the RF transmitter and up- 
15 converter 108 being coupled to a baseband beamforming unit 110 having an 
input terminal for modulated signals to be transmitted. The RF receiver and 
down-converter 106 is coupled to an optimvmi reception beamforming imit 
112, a direction-of-arrival beamforming unit 114 and a baseband 
beamforming unit 116, each of which are connected to a summing unit 118. 
20 The RF receiver and down-converter 106 is also coupled to a "dummy" 

interferer addition unit 122. The baseband beamforming unit 116 is coupled 
to an equaliser 120 having an output terminal. 

The summing unit 118 is coupled to a "diimmy" interferer addition unit 122 
25 which is coupled to an optimum beamforming xmit 124. The optimum 
beamforming unit 124 is coupled to the bsiseband beamforming imit 110. 
Together, the summing imit 118, the "dumm3^ interferer addition imit 122 
and the optimum beamforming unit. 124 form a complex signal modifying 
unit. The complex signal modifying unit can include a digital signal 
30 processing unit or a phase and amplitude modifier. 

Operation of the above apparatus will now be described with reference to 
FIGs. 2 and 3. The operation of the invention will, for simplicity and clarity 
of description, only be described in the context of transmission of signals 
35 using the adaptive antenna array 102. 
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A fi^t ana second uplink .isna> u„, u„. 

J / 4. « ^n9^ hv the RF receiver and down-converter luo vid 
'Z^.TJ21^^^^ Thefirstandseconduplin. 
:r^sur^rarereceivedfron.a.obn^^ 
transmissions from which is desirable. 

. . «it 11 2 then generates (step 304) an optimum 
The optimum beamforming umt 112 ^ene ^ 

. 4.*^9nn The ootim\mi beamforming paiieru-s-v^ 
beamfonmng pattern 200. The opum ^^^^.^^ 

pattern, 

5 114 generates ^^^J^^'^^^;X field radiation pattern corresponding to 
The DOAbeam P^*^" f °^ '^^^^.a by the antenna array 102. 
all electromagnetic radiation receivea oy 

V nattem 200 is then subtracted (step 308) from 

The "P^T-^'^^^^^rsummingnnit 118 in order to generaU an 
SO the DOA beam pattern 202 by toe s J corresponding 
interferer far field radiation pattern ^ , ^ 

r"^~bile terminal (not sho^>. when tran^t.^ using the 
25 adaptive antenna array 102. 

receiver and down-converter 106. 

. 1 • *V,.T. T^rocessed by the optimum beamforming unit 124 
The modified signal l^^^^^^^^ J^nna weights for generating a 

35 in order to calculate (step 31^ l^^l^^^^ points 208 converging in a 
new far field radiation pattern 206 having niu p 
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region of the new far field radiation pattern 206 corresponding to the 
location of the interfering signal in the interferer far field radiation 
pattern 204. 

5 Downlink signals are then transmitted by the adaptive antenna array 102 
using tiie new set of weights (step 314). 

Due to the convergence of the null points 208, it is thus possible to form a far 
field radiation pattern haAong a reduced probability of causing interference 
10 to other mobile terminals substantially immune to movements of the other 
mobile terminals or movements of sources of electromagnetic scattering. 



15 



-6- 



Claims 



field radiation pattern of the plurality of antennas. 

2 An antenna a-xay as claimed in Claim 1. wherein *»-epl-»H^^f null 
10 ^in.s converge within the tar field radiation pattern so as to attenuate 

unwanted received radiation. 

3 An antenna array as claimed in Claim 1, wherein 

points converge within the fer field radiation pattern so as te attenuate 
15 miwanted transmitted radiation. 

4 An antenna array as claimed in any one of the preceding cla^. 
thereiTthe null points are conve:^ed by modifying a,e amphtude and phase 
of the antenna array in the analogue domain. 

6 An antenna array as claimed in Cairn 4, wherein the complex signal 
modiiying unit is a phase and amplitude modafier. 

, Anantennaarrayasaaimedin^yon^^^^ 
wherein the null points are converged by moditymg ui 
of the antenna array in the digital domain. 

7 An antenna array as claimed in Claim 6. wherein the complex signal 
modifying nnit is a digital signal processing unit. 
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8 An antenna array as claimed in any one of the preceding claims, 
wherein the radiation is electromagnetic radaataon. 



9 A method of generating a far field radiation pattern for an antemia 
35 array, the method comprising the steps of: 
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providing a complex signal modifying unit for modifying the shape of 
the far field radiation pattern, and 

altering the parameters of the complex signal modifying unit so as to 
converge a pluraHty of null points within the far field radiation pattern of 
5 the antenna array. 



10. A base station comprising an antenna array including a plurality of 
antennas having a far field radiation pattern and a complex signal modifying 
unit for modifying the shape of the far field radiation pattern, wherein the 

10 complex signal modifying unit is adapted to converge a plurality of ntdl 
points within the far field radiation pattern of the plurality of antennas. 

11. An antenna array substantially as hereinbefore described with 
reference to FIGs. 1 and 2. 

15 

12. A method of generating a far field radiation pattern substantially as 
hereinbefore described with reference to FIG. 3. 
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